INTRODUCTION
============

The larynx is protected by the mandible and the sternum. In addition, because of the elasticity and movability of the laryngeal cartilage, it is able to resist trauma to a certain extent. Thus, laryngeal fracture is very rare[@B1]-[@B3] and is rarely encountered in clinics. In the literature, the incidence has been reported to be 1 in 30000 patients who are admitted to severe trauma centers.[@B1]-[@B4] However, if laryngeal fracture is not diagnosed properly when it initially occurs and the airway is not secured, high mortality rates will result; thus, early treatment of laryngeal fracture is critical.

Early treatment for laryngeal fracture comprises securing the airway, but in late treatment, consideration of the voice, which is pertinent to quality of life, is important. Therefore, although laryngeal fracture is rare, clinicians who treat it should comprehensively understand its diagnosis and treatment.

In Korea, basic analysis of laryngeal fracture has not been performed to date. We have therefore clinically analyzed laryngeal fracture to assess fracture patterns and their causes, as well as to report treatment experiences and outcomes that might help with determining treatment directions.

MATERIALS AND METHODS
=====================

Of the patients who were admitted to Gyeongsang National University Hospital for laryngeal trauma from March 2000 to May 2010, 22 patients diagnosed with laryngeal fracture were selected, and their medical records were analyzed retrospectively. The Gyeongsang National University Hospital is the only tertiary medical institute in the Gyeongsang Nam Do province and operates a severe trauma center. The following aspects of the medical records were analyzed: the proportion of male and female patients, the age of onset, 1) symptoms, 2) injury severity, 3) injury mechanism, 4) injury area, 5) fracture pattern, 6) airway management, 7) treatment methods at the time of admission, and 8) voice outcomes after treatment ([Table 1](#T1){ref-type="table"}). The injury level was classified according to the Schaefer-Fuhrman classification of laryngeal injury. The injury mechanism was classified as blunt trauma or penetration trauma, and the mechanism of trauma was examined comprehensively.

The injured area was described on the basis of the surgical record of the injured area of the laryngeal framework, and we examined whether or not the injury was a crushed comminuted fracture. For the evaluation of voice after treatment, patients who recovered their voice as it was prior to the trauma were classified as having a good result; those who recovered to a level at which they could function socially were classified as having a fair result; and those with aphonia or who could not carry out intellectual lingual communication were classified as having a bad result. After the trauma occurred, laryngoscopy and suspension laryngoscopy were performed as laryngeal tests. Postsurgical laryngoscopy results obtained approximately 3 months after treatments were examined.

RESULTS
=======

Among 22 patients, there were 19 male patients and 3 female patients. Laryngeal trauma occurred preferentially in males. Patient ages ranged from 21 to 77 years, with an average of 42±14 years. The age distribution was as follows: 3 cases of patients in their twenties (14%), 6 cases in their thirties (27%), 7 cases in their forties (32%), 3 cases in their fifties (14%), 2 cases in their sixties (9%), and 1 case in their seventies (5%). The proportion of patients who were in their thirties to forties who were social activity was high ([Table 1](#T1){ref-type="table"}).

The most prevalent symptoms of laryngeal fracture were pain at the trauma site (n=15) and odynophagia (n=15), followed by, in order of prevalence, voice change (n=4), dysphonia (n=3), hemoptysis (n=3), respiratory distress (n=3), subcutaneous emphysema at the neck (n=2), and loss of consciousness (n=2).

Concerning the severity of injury, according to the Schaefer-Fuhrman classification of laryngeal trauma, none of the patients corresponded to Group I, but Group II consisted of 7 patients, Group III of 10 patients, Group IV of 4 patients, and Group V of 1 patient ([Fig. 1](#F1){ref-type="fig"}).

For the mechanism of injury, 13 patients experienced blunt trauma and 9 experienced penetrating trauma: 4 patients were assaulted by other people, 5 were in driver-caused traffic accidents, 3 had agricultural machinery accidents, 3 attempted suicide, 2 had safety accidents in the workplace, 4 had a fall, and 1 patient experienced a sports related trauma ([Fig. 2](#F2){ref-type="fig"}).

The thyroid cartilage was the most prevalent injury site (n=18), followed by the cricoid cartilage (n=3), the arytenoid cartilage (n=3), and the epiglottis cartilage (n=1) ([Fig. 3](#F3){ref-type="fig"}). Among the cases of injury to the arytenoid cartilage, only laceration and dislocation of the mucosa were observed in 2 cases, and in 1 case, severe displacement also occurred. Among the driver-caused traffic accident cases, in particular, bilateral fractures were prevalent, and the severity tended to be higher than that of fractures caused by different blunt and penetrating traumas. In addition, the proportion of subjective voice changes and vocal cord paralysis was high ([Fig. 4](#F4){ref-type="fig"}). Of the penetrating fractures, primarily in trauma cases caused by assault with a weapon by other people, but also in suicide attempts, the proportion of injuries in the left laryngeal cartilage was high. On the other hand, blunt trauma was equal for both sides ([Fig. 5](#F5){ref-type="fig"}).

Noncomminuted fracture occurred in 17 patients, comminuted fracture in 4 patients, and laryngotracheal separation in 1 patient.

Airway management of laryngeal fracture patients was performed according to the airway management protocol of the severe trauma center. For Group II patients of the Schaefer-Fuhrman laryngeal trauma classification, no case required airway management. In patients higher than Group III who had injury in a relatively wide area, only 60% (9/15) required airway management. In all 9 patients who underwent airway management, the airway was secured by performing transoral flexible fiberoptic laryngoscope intubation at an emergency medical center and by subsequently converting to tracheostomy in the operating room. The tube was removed after an average of 11.2 days after tracheostomy intubation.

Of the 22 laryngeal fracture patients, surgical treatments were attempted in 19. First, for the assessment of the laryngeal injury area, a suspension laryngoscope was performed under general anesthesia. For reduction of a displacement fracture, 2 patients were fixated with plates. For nondisplacement fractures, 4 patients underwent suturing of the injured periosteum and adjacent soft tissues. In 11 cases, after reduction of the fracture cartilage, primary suturing was performed, the fixation suture covered by the periosteum and adjacent soft tissues. For laryngotracheal separation, laryngotracheal anastomosis was performed in 1 case. In fractures in a wide area, primary suturing was performed after debridement only in 1 patient ([Fig. 6](#F6){ref-type="fig"}). In most cases, insertion of laryngeal stents was not required. Nonetheless, in 2 cases, laryngeal stents were inserted because of severe injury to the inner mucosa.

Regarding the voice results after treatment for laryngeal fracture, 6 cases showed fair results and 1 case showed a bad result. Of 7 patients who presented with heterophony after treatment, 6 experienced blunt trauma. One penetrating trauma case (No. 4) showed unilateral vocal cord paralysis prior to treatment; the patient could not be followed up, and thus posttreatment results were unable to be assessed ([Table 1](#T1){ref-type="table"}). Six cases presented vocal cord paralysis after treatment. In 2 cases (No. 7 and 16), after the lacerated vocal cord was sutured, it was replaced with granulation tissue, and a reduction in vocal cord movements and closure failure occurred. Of 6 cases of vocal cord paralysis, 4 experienced blunt trauma caused by driver-caused traffic accidents. One of these cases (No. 13) was diagnosed as laryngotracheal separation and unilateral vocal cord paralysis due to severance of the recurrent laryngeal nerve. For another patient with unilateral vocal cord palsy (No. 14), who experienced penetrating trauma, arytenoid cartilage reduction and suture of the mucosa were performed. After the treatments, vocal cord paralysis in the left side was detected ([Table 1](#T1){ref-type="table"}).

The posttreatment follow-up observation period was, on average, 3 years. During this period, none of the patients died.

DISCUSSION
==========

Laryngeal fracture is an infrequent acute traumatic injury in the neck area due to the fact that the upper area of the larynx is protected by the maxilla and the lower area by the sternum and other framework. On one hand, the elasticity of the cartilage resists fractures caused by low-velocity trauma. On the other hand, in many cases, patients die before reaching the trauma emergency medical center because of severe airway injury or multicentric organ injury occurring in association with laryngeal fracture.[@B2],[@B3]

According to Gussack, et al.,[@B2] in 2500 trauma patients, approximately 1 has an injury associated with the upper respiratory system and gastrointestinal system. Minard, et al.[@B5] reported that approximately 0.3% of patients who were admitted to trauma emergency medical centers were laryngeal trauma patients. Jalisi and Zoccoli[@B3] reported 12 cases in 10 years.[@B2],[@B4],[@B6] Consequently, it could be inferred that approximately 2-5 laryngeal trauma patients are admitted to an emergency medical center annually. The rate of laryngeal fracture in our study was comparable to that in reported studies.

For successful diagnosis and treatment of laryngeal fracture, it is most important to suspect laryngeal fracture in patients with trauma in the neck and to perform aggressive physical examination. In our study, 1 case (No. 2) was treated for neck trauma in the emergency medical center at another hospital, but thyroid cartilage fracture and vocal cord paralysis were not diagnosed. Afterward, the patient visited our hospital for hoarseness caused by vocal cord paralysis. The representative findings in cases in which laryngeal trauma should be considered are respiratory distress, hoarseness, stridor, subcutaneous emphysema in the neck, hemoptysis, neck hematomas, subcutaneous hemorrhage in the neck, laryngeal tenderness, vocal cord dysfunction, and the loss of an anatomical landmark in the neck.[@B1],[@B6] In our results, pain at the trauma site and odynophagia were most prevalent, followed by, in order of prevalence, voice change, hemoptysis, dyspnea, subcutaneous emphysema in the neck, and loss of consciousness. At the time of diagnosis of laryngeal fracture, the most helpful radiological test is computed tomography of the neck with contrast dye, which a sensitive method that can be used to diagnose abnormalities in the laryngeal framework.[@B7]-[@B10]

The mortality rate, which reflects the severity of an injury, in laryngeal fracture caused by blunt trauma has been reported to be higher than 40%, whereas that for penetrating trauma has been reported to be lower than 20%.[@B5] The mortality rate is determined by early airway management performed at the rescue field and emergency medical centers, as well as considering the severity of associated injury. Airway management is the greatest problem, in particular, and airway management methods are controversial. Shortcomings of transoral endotracheal intubation include the displacement of the arytenoid cartilage during intubation, laceration of injured laryngeal tissues, and the complete closure of an airway that is already meager if airway management by endotracheal intubation fails. However, if performed at experienced emergency centers or for cases in which fiberoptic laryngoscopic examination is normal, attempting to secure the airway by immediate transoral flexible fiberoptic laryngoscope intubation and conversion to tracheostomy afterwards is a good method.[@B6],[@B11] Similarly, in our study, transoral intubation with a fiberoptic laryngoscope was first attempted at the emergency center for patients who required airway management, and by this means, the airway could be secured safely.

The injury mechanism of laryngeal fracture can be classified broadly as either blunt trauma or penetrating trauma. In the literature, blunt trauma has been reported to be the most frequent cause of laryngeal fracture. For this type of trauma, the proportion of injuries caused by driver-caused traffic accidents is decreasing, and thus, laryngeal fractures caused by general blunt trauma are also decreasing.[@B12] This is thought to be due to improvement of airbags and abundant safety devices for riders. In driver-caused traffic accidents, the incidence of laryngeal fracture has also decreased. On the other hand, laryngeal fracture caused by sports is on the increase. It occurs in relatively fast sports such as those in which motorcycles, bicycles, skis, and other such equipment are used.[@B13] In addition, the proportion of penetrating laryngeal injury is on the rise, and is thought to be the result of increased trauma caused by industrialization and urbanization. Stabbing injury, injury caused by guns or machines, and other similar types of injury have been reported to be important causes of penetrating neck trauma.[@B1],[@B2],[@B14] In our study, in comparison with other studies, trauma caused by sports was not abundant, and penetrating trauma caused by machines or stabbing was abundant (40.9%). This was thought to influenced by the locality of the area, which is adjacent to an agricultural and fishing area, where there are few young populations, and thus trauma pertinent to sports is not abundant, but trauma caused by brush cutters and suicide is on the rise.

In blunt trauma cases, the thyroid cartilage and the front area of the cricoid cartilage, which are relatively protruded, were frequent injury sites, and cases with injury to several areas were more prevalent than seen with penetrating trauma. In penetrating trauma, nondisplacement fractures were abundant, and fracture in the thyroid cartilage of the widest area was abundant. In cases caused by attacks with weapons and in suicide cases, the left cartilage was injured, which is thought to be due to the high proportion of right-handed people ([Fig. 5](#F5){ref-type="fig"}).

In laryngeal trauma cases, to rule out association with esophageal laceration, esophagus examination is generally performed.[@B3],[@B4],[@B15] In our study, tests that assess associated esophageal injury were performed in all patients, and esophageal injury was not detected in any of them. In blunt trauma, the possibility of esophageal trauma is low in comparison with that associated with penetrating trauma, and in mild cases, the possibility of esophageal injury is lower than that in severe injury cases. Thus, more studies are required to determine whether esophageal tests should always be performed in mild blunt trauma cases.

In regards to the selection of treatment methods, in our study, assessment of airway abnormality and vocal cord injury was made during suspension laryngoscopy in the operating room. For cases in which hematomas may have hindered secure airway management, cases in which edema in the mucosa was detected in a wide area, or cases in which laryngeal fracture occurred in a wide area (higher than SF grade III), tracheostomy was performed. After reduction of the laryngeal framework, the fractured larynx was fixated by suturing or by using a plate and the injured mucosa was sutured. In our study, all except 2 cases associated with injury in the laryngeal framework and the mucosa in a wide area were able to be safely treated without the insertion of stents. In 1 patient who received debridement for injury in the laryngeal framework in a wide area (No. 15), a permanent tracheostomy was performed. In the other cases, the tubes could be removed after surgery. One patient (No. 13) was admitted for laryngotracheal separation. The airway was secured by transoral intubation, and end-to-end anastomosis was performed.

After treatment of laryngeal fracture, voice outcomes have been reported to be relatively good (higher than good in 76-97% cases). Butler, et al.[@B7] reported that the voice results of a group who were treated early after injury (within 48 hours) and a delayed treatment group were examined, and the early treatment group had a recovery rate that was more than two times that of the delayed treatment group.[@B1],[@B2],[@B11] After treatment of laryngeal trauma, voice change occurred primarily by three mechanisms: 1) because of the alteration of the laryngeal framework, the tension of both vocal cords changed; 2) after the laceration of the vocal cord mucosa and ligaments, they were replaced with granulation tissue, and thus the elasticity of the vocal cord and the movement of the mucosa during phonation was reduced; and 3) unilateral and bilateral vocal cord palsy.[@B16] In our study, to correct voice change, surgery at the early phase was focused on the correction of the laryngeal framework; the laceration and injury of the laryngeal lumen were corrected by use of adjacent tissues if possible; and aggressive treatments were performed by injection laryngoplasty for cases of injury in the laryngeal recurrent nerves; and relatively good results were obtained. However, most patients required endotracheal intubation or tracheostomy and the voice could not be assessed prior to surgery; thus it was difficult to evaluate it objectively. It is thus thought that the most important treatment principle is to make efforts to restore the original conditions during surgery if possible.

In comparison with the findings of past studies (20%), in the current study, the proportion of laryngeal fracture caused by penetrating trauma was higher (40.9%) and the laryngeal injury sites were different, depending on the mechanism and cause of laryngeal injury. In driver-caused traffic accidents, injury in a wide area within the larynx occurred, poor voice results were seen after injury, and these injuries required aggressive diagnosis and treatment. In the treatment of laryngeal fracture, early diagnosis and airway management were important, and when endotracheal intubation was performed at experienced emergency centers with fiberoptic laryngoscopes, airway management was able to be safely achieved. In addition, if the fractured laryngeal framework was corrected at appropriate times, voice results were good.
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dTA, driver-caused traffic accident; P, pain; H, hoarseness; O, odynophagia; D, dypnea; Dg, dysphagia (+); LOC, LOC state; TC, thyroid cartilage; Aex, arytenoid exposed; Adis, arytenoid dislocation; FVC, false vocal cord; EG, epiglottis; Tr, trachea; LTS, laryngotracheal separation; C, cricoids; com, communicated; decan., decannulation; B, blunt trauma; Pt., penetrating trauma; VC, vocal cord; ORIF, open reduction & internal fixation; OR, operation room.
